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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi%) 2.590 square kilometer
gallon (gal) 3.785 liter
million gallons (Mgal) 3,785 cubic meter
million gallons per day (Mgal/d) 3,785 cubic meters per day
gallon per minute (gal/min) 0.06309 liter per second
cubic foot (ft3) 0.02832 cubic meter
cubic foot per second (ft*/s) 0.02832 cubic meter per second
cubic foot per day (ft%/d) 0.02832 cubic meter per day

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD
of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both
the United States and Canada, formerly called Sea Level Datum of 1929.

Altitude, as used in this report, refers to distance above or below sea level.
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Evaluation of Drawdown and Sources of Water in the
Mississippi River Alluvium Caused by Hypothetical

Pumping, Muscatine, lowa

By Keith J. Lucey

Abstract

A study was conducted to evaluate draw-
down and volumetric changes in sources of water
in the Mississippi River alluvium caused by hypo-
thetical pumping. A steady-state, ground-water
flow model was constructed for a previous study to
simulate February 1993 hydrologic conditions,
which were assumed to be an acceptable estimate
of the ground-water system at equilibrium. The
flow model was modified for this study to simulate
six hypothetical pumping scenarios: five pumping
scenarios to simulate hypothetical pumping at five
pumping scenario sites, and a total pumping sce-
nario to simulate cumulative hypothetical pump-
ing from the five pumping scenario sites.

The evaluation of drawdown for the six
hypothetical pumping scenarios indicates that
hypothetical pumping causes simulated drawdown
that varies from about 10 ft to greater than 50 ft
relative to February 1993 conditions at the five
hypothetical pumping scenario sites. The simu-
lated drawdown is less than half of the estimated
saturated thickness of the alluvium during Febru-
ary 1993 at these sites.

The primary sources of water (inflows) to
the alluvium needed to balance the increased
ground-water withdrawals (outflows) caused by
hypothetical pumping are a combination of

increased river leakage and decreased leakage to
Muscatine Slough. Compared to February 1993
conditions, larger inflow rates occur as river leak-
age from the Mississippi River for the six hypo-
thetical pumping scenarios. However, smaller
outflow rates to Muscatine Slough compared to
February 1993 conditions indicate that an impor-
tant source of water for hypothetical pumping is
ground-water discharge that would have become
streamflow in the slough.

Increased pumping at the hypothetical
pumping scenario sites could affect long-term
water quality and hydrology in the study area. The
greater amounts of river leakage might affect over-
all ground-water quality in the alluvium. The
lesser amounts of ground water being discharged
to streamflow could have a long-term impact on
the hydrology of the slough and adjacent wetland
areas.

The simplified steady-state flow model does
not account for dynamic (transient) conditions
(natural or development-related). The steady-state
model does not indicate time needed to reach new
equilibrium conditions. Attaining equilibrium
might take many years and is complicated by vary-
ing climatic and hydrologic conditions; noncontin-
uous pumping and pumping that is cycled among
well fields; and changing and seasonally varying
irrigation pumpage.
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INTRODUCTION

Sand and gravel deposits of the Mississippi
River alluvium in Muscatine and Louisa Counties,
Iowa, provide a dependable source of large quantities
of ground water for municipal, industrial, and agricul-
tural uses. Municipal and industrial development of the
ground-water resource is expected to continue, and
water managers need a method to evaluate the effects
of additional ground-water withdrawals on the ground-
water resource to locate additional pumping centers in
areas that would minimize any negative effects, such as
from well interference or degradation in water quality.

A cooperative study of the Mississippi River
alluvium near Muscatine, Iowa, was conducted by
Muscatine Power and Water (MPW) and the U.S. Geo-
logical Survey (USGS) from January 1992 through
September 1995. Hydrogeology and water quality were
investigated in an 80-mi? study area in Muscatine and
Louisa Counties in Iowa and Rock Island and Mercer
Counties in Illinois (fig. 1), and the results were docu-
mented in a report by Lucey and others (1995). Allu-
vium overlies carbonate, sandstone, and shale bedrock
in the Mississippi River valley, and the thickness of the
alluvium varies from 40 ft in the northeast to more than
140 ft in the southern and western parts of the study
area. The alluvium is between 60 and 100 ft thick at the
Grain Processing Corporation and MPW Main well
fields and generally is about 140 ft thick at the MPW
Grandview, Progress Park, Iowa-Illinois Gas and Elec-
tric Company, and Monsanto well fields (fig. 2). More
detailed descriptions of aquifer characteristics, geol-
ogy, and hydrology of the study area are included in
Hansen and Steinhilber (1977) and Lucey and others
(1995).

A ground-water flow model was constructed by
Lucey and others (1995) using the USGS computer
program MODFLOW (McDonald and Harbaugh,
1988) to simulate February 1993 hydrologic condi-
tions, which were assumed to be an acceptable estimate
of the ground-water system at equilibrium (steady-state
condition). Streamflow and stage measurements in
Muscatine Slough for February 1993 indicate a period
of generally stable conditions; annual ground-water
withdrawals from the well fields increased less than 2
percent from 1990 through 1992; and ground-water
levels measured in February 1993 were approximately
equal to mean annual ground-water levels for 1990
through 1992 determined from mean monthly mea-
surements (Lucey and others, 1995). The ground-water
flow model consists of three layers to represent the

alluvium and part of the bedrock. A 30-row by 24-col-
umn grid was used to discretize each successive model
layer into a series of 2,000-ft by 2,000-ft cells (fig. 2).
Total ground-water withdrawals (pumping) from the
alluvium were simulated at 6,091,000 ft*/d (about 45.5
million gallons per day (Mgal/d)) at pumping cells that
represent well fields operating during February 1993
(fig. 2). Model results were used to aid in improved
understanding of the complex flow system and to quan-
tify sources of water in the alluvium.

In 1996, MPW and the USGS initiated a second
study to evaluate drawdown and sources of water in the
alluvium caused by hypothetical pumping. The objec-
tives of the study were to evaluate the effects of six
hypothetical pumping scenarios on:

(1) water levels (drawdown) in the Mississippi
River alluvium; and

(2) quantitative changes in sources of water in
the Mississippi River alluvium.

The purpose of this report is to present results of
model simulations for the six hypothetical pumping
scenarios. The steady-state ground-water flow model
constructed by Lucey and others (1995) was modified
for five pumping scenarios to simulate hypothetical
pumping at five hypothetical pumping scenario sites,
and for one total pumping scenario that simulates the
cumulative effect of hypothetical pumping from all five
pumping scenario sites. Simulated effects on draw-
down and quantitative changes in sources of water in
the Mississippi River alluvium caused by hypothetical
pumping are presented. The flow model can be used to
estimate general effects of additional pumpage for
selected hypothetical pumping scenarios compared to
the February 1993 assumed equilibrium condition. The
number of wells and the amounts of hypothetical
pumping at each of the five pumping scenario sites
were selected in consultation with MPW (J. Doering,
Muscatine Power and Water, oral commun., December
1996).

Information in this report can be used by water
managers to evaluate the estimated effects of additional
ground-water withdrawals on the ground-water
resource as an aid in locating future wells and pumping
centers. Because alluvial aquifers commonly provide
sources of water for municipal, industrial, and agricul-
tural use, it is important to improve understanding of
ground-water flow and the interaction between surface
water and ground water in alluvial systems.
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